Abstract. Differentiation of human neuroblastoma recapitulates neural crest development. In our whole genome DNA methylation screening of tissue-specific differentially methylated regions (T-DMRs) and developmental stage specific differentially methylated regions (DS-DMRs) we reported that the exon 5 CpG island (CpGi) of Zfp206 (human: ZNF206), which was required to maintain embryonic stem cells in a pluripotent state, was one of potent brain and testis-specific T-DMRs in mice. In this study methylation level of the CpG sites at Zfp206-exon 5 CpGi in mouse brain samples at three different developmental stages (15-day-old embryo; E15, new born; NB, 12-week adult; AD) were quantitatively analyzed and it was identified that Zfp206-exon 5 CpGi was the DS-DMRs in mouse brain. In AD brains, Zfp206-exon 5 CpGi was significantly hypomethylated and Zfp206 expression was repressed, compared with E15 and NB brains. Hence, mehtylation level of human 5'-end of CpGi at ZNF206-exon 5, which is homologous CpGi to mice, was analyzed in neuroblastomas. Although all four adrenal samples showed complete methylation at the homologous region, we found the hypomethylation in 7 out of 26 neuroblastomas and a significant association between the hypomethylation and poor prognosis. In neuroblastoma cell lines and specimens, the hypomethylation was also associated with ZNF206 expression. These data indicated that the changes in DNA methylation levels at the Zfp206-exon 5 might be one of the important factors during neuronal development in mice and that the hypomethylation of the homologous region induced ZNF206 expression in humans and was associated with human neuroblastomagenesis. Even though the function of ZNF206 and its expression regulation in neuroblastoma remain elusive, ZNF206 might be a candidate differentiation suppressor and prognosis marker in neuroblastoma.
Introduction
Epigenetic programing predetermines the developmental program and provides necessary direction for the multitude of changes that are required to proceed from a fertilized oocyte to a fully developed adult animal (1) . It has been suggested that epigenetic changes are associated with development and differentiation. DNA methylation is one of the epigenetic factors and plays an important role in the diverse genomic process, such as gene regulation, chromosomal stability, parental imprinting and X-inactivation (2) . Recent genome-wide DNA methylation searches indicate that 4-17% of CpG sites are different in methylation among tissues and developmental processes (3, 4) . Tissue-specific differentially methylated regions (T-DMRs) and developmental-specific differentially methylated regions (DS-DMRs) are suggested to play important roles in development and differentiation (5) . Therefore, disruption of epigenetic processes can lead to altered gene function and malignant cellular transformation (6 Departments of 1 the process of differentiation, and also they are related to cancers (7) . It has been suggested that T-/DS-DMR is aberrantly methylated in cancer and may regulate tumor-suppressor genes and/or oncogenes. Neuroblastoma cells originate from the postganglionic cells of the sympathetic nervous system and it is the most common extracranial solid tumor in childhood. Survival rate of the children with unfavorable neuroblastoma is still <40%, despite intensive multimodal therapy (8) . Treatment of highrisk neuroblastoma with a differentiating agent 13-cis retinoic acid is beneficial for patients without progressive disease (9) . Higher expressions of tropomyosin receptor kinase A (TrkA), nerve growth factor (NGF), which are neuronal differentiation and development factors, are important key factors and good prognosis markers in neuroblastomas (9, 10) . The methylation levels at the T-and DS-DMRs, which also regulate tissue differentiation and development, may be aberrantly regulated in neuroblastomas.
The CpG sites at CpG island (CpGi) of the Zfp206-exon 5 (human: ZNF206-exon 5) are reported as a testicular and neuronal-specific DMRs and they are demethylated during late stage of mouse brain and testis development (5, 11) . Here, we found that methylation state of the region associated with the ZNF206 expression and the homologous CpGi was aberrantly hypomethylated in human neuroblastomas, especially those with poor prognostic patients.
Materials and methods
Tissue samples. C57 BL/6J mice were purchased from Jackson Laboratory and maintained at Charles River Laboratories, Inc. (Yokohama, Japan). Brain specimens of the mice at three differential stages (15-day-old embryo; E15, new born; NB, 12-week adult; AD), were collected and stored as described previously (11) .
Twenty-six primary neuroblastoma specimens from 1999 to 2007 were obtained from Nihon University Hospital at the time of diagnosis and they were analyzed under the approval of Nihon University Institutional Review Boards (IRB no. 51). Neither neoadjuvant chemotherapy nor irradiation therapy was given preoperatively to any of the patients. Four adrenal samples were collected from a nephroblastoma patient undergoing nephrectomy and from 3 neuroblastoma patients (cases 2, 15 and 26) undergoing tumor resections. A kidney sample for positive control of western blotting was collected from a body donation. This specimen was analyzed under the approval of Nihon University Institutional Review Boards (no. 31) with the approved informed consent. All of the adrenal and kidney samples are pathologically normal. All of samples were immediately snap-frozen in liquid nitrogen and stored at -80˚C until use. Summary of these patients is shown in Table I .
Cell lines and culture condition. Human neuroblastoma cell lines, TN-1, NB9 and NB19 were obtained from Riken cell bank (Tsukuba, Japan) and CHP134, Sk-N-SH and kelly were obtained from American Type Culture Collection (Manassas, vA, USA). All of the human neuroblastoma cell lines were maintened in RPMI-1640 (Nakarai tesque, kyoto, Japan) supplemented with 10 or 15% (NB9 and NB19) fetal bovine serum (Nichirei Bioscience, Tokyo, Japan), 100 IU/ml penicillin (Gibco™, Carlsbad, CA) and 100 µl/ml streptomycin (Gibco). The cells were cultured in a 37˚C humidified atmosphere containing 5% CO 2 maintained in appropriate conditions recommended by the manufacturers.
DNA preparation and bisulfite treatment. Total genomic DNA was extracted from mouse brains, neuroblastoma specimens, neuroblastoma cells and adrenal samples with DNeasy tissue kit (Qiagen, Valencia, CA) and modified by sodium bisulfite with the EZ DNA methylation kit (Zymo Research, Orange, CA). These methods were described in manufacturer's instructions.
Quantitative analysis of DNA methylation using base-specific cleavage and matrix-assisted laser desorption/ionization timeof-flight mass spectrometry (MALDI-TOF MS). Sequenom
MassArray quantitative methylation analysis (12) using the MassArray Compact System (www.sequenom.com) was employed for the quantitative DNA methylation analysis at CpG dinucleotides. This system utilizes mass spectrometry (MS) for the detection and quantitative analysis of DNA methylation using homogeneous MassCLEAVE (hMC) base-specific cleavage and MALDI-TOF MS (12) . The METHPRIMER program (http://www.urogene.org/methprimer/index1.html) (13) was used to design bisulfite PCR primers (Table II) . Each reverse primer has a T7-promoter tag for in vitro transcription (5'-cagtaatacgactcactatagggagaaggct-3'), and the forward primer is tagged with a 10 mer to balance melting temperature (Tm) (5'-aggaagagag-3'). All primers were purchased from Operon (Tokyo, Japan). Polymerase chain reaction (PCR) amplification was performed using HotStar Taq Polymerase (Qiagen, valencia, CA, USA) in a 5-µl reaction volume using PCR primers at 200 nM final concentration and 1 µl bisulfitetreated DNA (~20 ng/ml) as a template. After the treatment with Shrimp alkaline phosphatase, 2 µl of the PCR products was used as a template for in vitro transcription and RNase A cleavage for the T-reverse reaction (3' to either rCTP), as described in the manufacturer's instructions (Sequenom hMC). The samples were desalted and spotted on a 384-pad SpectroCHIP (Sequenom) using a MassArray nanodispenser (Samsung, Seoul, korea), followed by spectral acquisition on a MassArray Analyzer Compact MALDI-TOF MS (Sequenom). The resultant methylation calls were analyzed by EpiTyper software v1.0 (Sequenom) to generate quantitative measurements for each CpG site or an aggregate of multiple CpG sites. Since Maldi-TOF mass-methylated peak does not denote a particular CpG site, but rather corresponds to the number of CpG sites methylated within the cleavage fragment, we decided to present average percent methylation of all CpG sites in the bisulfite PCR fragment with the standard curve. Standard curve of quantitative DNA methylation analysis was performed by using 0, 25, 50, 75 and 100% methylated samples. BAC DNA (RPMI-11 341L6) obtained from Rosewell Park Cancer Institute, Buffalo, NY, USA was used as 0% methylation and M.Sss-1 double-treated BAC DNA was used as 100% methylation. The methylation reactions were carried out in 1X M.Sss1 buffer with 160 µM SAM (New England Biolabs, Ipswich, MA, USA). In total reaction volume of 50 µl, 500 ng BAC DNA was treated with 4 U M.Sss1 for 1 h at 37˚C and the reactions were stopped for 20 min at 65˚C (14) . This step was repeated twice. The standard curve was fitted and methylation levels were adjusted and quantified.
DNA methylation analysis of human neuroblastoma was performed as follows: At first, 3 primer sets were designed for analysis of human homologous region to mouse CpGi of ZNF206-exon 5 by 3 neuroblastoma specimens and adrenal samples, which were collected from three patients (cases 2, 15 and 26). As consequence, we decided the region that showed significant difference in methylation between neuroblastoma specimens and adrenal samples. Then, methylation levels of the region were analyzed in 26 neuroblastoma specimens, 4 adrenal samples and 7 neuroblastoma cell lines.
Western blotting analysis. Mouse brain specimens and neuroblastoma cells were collected and total cell lysates were prepared in M-PER mammalian protein extraction reagent (Thermo, Rockford, IL, USA) containing a protease-inhibitor cocktail (Nakarai tesque). Protein (50 µg) was loaded on NuPAGE + 10% Bis-Tris gels (Invitrogen Life Technologies, Carlsbad, CA, USA) for electrophoresis. The proteins separated at 100 mA for 1 h, then transferred to polyvinylidene difluoride membranes by using iblot transfer for 7 min (Invitrogen). For mouse brain specimens, the membranes were incubated with Tris-buffered saline (TBS), containing 5% non-fat milk, 0.2% Tween-20 and a rabbit anti-ZNF206 polyclonal antibody (1:100) overnight (Abcam, Cambrigde, Uk). For the neuroblastoma cells, the membranes were incubated with TBS, containing 5% non-fat milk, 0.2% Tween-20 and a goat anti-ZNF206 polyclonal antibody (1:100) (R&D systems, Mckinley, MN, USA) overnight in room temperature. The membranes were washed three times with a TBS containing 0.2% Tween-20. The immunocomplexed proteins were identified by reaction with a Immunoblotting with antibody to actin (Abcam) provided an internal control for equal protein loading. Chemiluminescence was detected by LAS4000 (Fujifilm, Tokyo, Japan).
Immunohistochemical staining. In 17 neuroblastomas formalin-fixed, paraffin-embedded serial sections (5 µm) were deparaffinized in xylene, rehydrated through graded alcohols, and washed with phosphate-buffered saline (PBS) for 15 min. The sections were soaked in 10 mmol/l of sodium citrate buffer (pH 6.9) (Dako, Tokyo, Japan) and treated in a microwave for 15 min for antigen retrieval. Then the endogenous peroxidase activity was blocked with 3% hydrogen peroxidase in methanol for 30 min, and non-specific staining was then blocked by incubation with normal goat serum (Nichirei) for 1 h. The sections were then incubated with 20 µg/ml ZNF206 antibody (R&D systems) for 24 h at 4˚C. The sections were treated for 30 min at room temperature with goat secondary antibody against rabbit immunoglobulins (Nichirei). The sections were stained with AEC substrate kit (vector Lab, Burlingame, CA, USA) at room temperature for 25 min. After staining using the ACE substrate kit the sections were counterstained with hematoxylin for 1 min.
Immunostaining was evaluated by the percentage of positive cells in tumor cells. Ten fields at x400 magnification were 
Statistical analysis. For the statistical analysis, unpaired
Mann-whitney U test was performed by using SPSS software version 11.0.1 for windows (SPSS GmbH Software, Munich Germany). For survival analysis the cut-off value was calculated. The methylation levels were pooled onto two groups by Youden index using 23 patients who had passed the 36-month observation period (15) . The cut-off point between hyper and hypo-levels of DNA methylation at each candidate DMR was evaluated by ROC curve analysis. Survival curves were calculated according to kaplan-Meier analysis and compared by a log-rank test. In all the statistical analysis differences were considered significant at p<0.05.
Results

Methylation levels at CpG sites of Zfp206-exon 5 CpGi and its expression in mouse brain specimens.
Methylation levels of the CpG site at Zfp206-exon 5 CpGi in mouse brains were analyzed at three different developmental stages. This CpG site was estimated to be testicular and neuronal-specific DMRs and its methylation levels are low during late stage of brain and testis development in mice (Mice chr17:23337754-23338215 in the USCS database; Feb. 2006) (Fig. 1a) . AD brain specimens were shown to be hypomethylated, compared with brain specimens of E15 and NB in these regions by using MassArray epityper method (Fig. 1b) . In this experiment it was confirmed that the average methylation level of CpG site at Zfp206-exon 5 CpGi in AD brain specimens were showing significantly and uniformly lower methylation levels, compared also with the other brain specimens (Fig. 1c) . western blotting revealed lower expression level of Zfp206 protein in AD brain specimens, compared with the other developmental stages (Fig. 2) . Zfp206 protein expression status was correlated to methylation levels of CpG sites of the region.
Search for the greatest difference in somatic change within homologous ZNF206-exon 5 CpGi in human neuroblastoma.
Analysis using the 3 primer sets designed to confirm methylation level at ZNF206-exon 5 CpGi revealed that the 5'-end of CpGi at ZNF206-exon 5 showed the greatest difference in methylation between adrenal samples and neuroblastoma specimens among all CpG sites we analyzed (chr16:3,079,009-3,079,308, Mar, 2006 based on USCS database) in 3 neuroblastoma patients (Fig. 3) . we decided that this region is a candidate marker site related to human neuroblastoma. was 58.0±30.5%. In 21 out of 26 neuroblastoma specimens, the methylation levels at candidate regions were low, compared with the average methylation level of candidate regions in 4 adrenal samples. The average of those in 26 neuroblastoma specimens was significantly lower, compared with that in the 4 adrenal samples (p=0.005, Mann-whitney U test) (Fig. 4) .
Methylation levels of candidate region in ZNF206 analyzed
For kaplan-Meier analysis cut-off value of the methylation level at candidate region was calculated by using youden index and the methylation levels of 23 patients who had passed the observation period. The cut-off value was 35.8%. Twenty-six neuroblastoma specimens were pooled into two groups depending on their methylation levels of the ZNF206-exon 5 regions (tumors with hypermethylation: >35.8%, tumors with hypomethylation: >35.8%) by the cut-off value. Nineteen out of 26 neuroblastoma specimens were in the hypermethylation tumor group. There was significant association between hypermethylation levels and patient outcome (p=0.001, logrank test) (Fig. 5) .
Methylation levels of the ZNF206-exon 5 regions and ZNF206
protein expression in neuroblastoma cells. All six neuroblastoma cell lines were categorized as hypermethylation of 40-95% methylation level (Fig. 6a) . In all six neuroblastoma cell lines ZNF206 protein expression, however, was repressed, compared with a positive control (a kidney specimen) (Fig. 6b) .
ZNF206 staining in neuroblastoma specimens and adrenal samples. The stained tumor cells and non-stained tumor cells were intermingled in neuroblastoma section of case 24 (the methylation level: 22.7%), which was a hypomethylated tumor. On the other hand, in neuroblastoma section of case 12 (methylation level: 55.2%), which was a hypermethylated tumor the number of stained cells were less, compared with that of case 24 (Fig. 7a) . Calculating % positive cells in 17 neuroblastoma sections, a small number of cells from 5 out of 17 hypomethylated neuroblastoma sections expressed ZNF206. Moreover, the methylation levels of the region at ZNF206-exon 5 CpGi were correlated with ZNF206 expression (Fig. 7b) . Coincidently the cut-off of 35.8% in methylation showed a clear separation between high and low ZNF206expressed tumors, which also segregate between favorable and unfavorable prognosis.
Discussion
Many studies have shown that epigenetic abnormalities, especially alternation in DNA methylation, were involved in the development of various adult tumors (16, 17) . In neuroblastoma, aberrantly methylated genes, 64% for THBS1; 30% for TIMP-3; 27% for MGMT; 25% for p73; 18% for RB1; 14% for DAPK, p14ARF, p16INK4a and CASP8, and 0% for TP53 and GSTP1 have been reported and it is suggested that the striking differences in methylation status within neuroblastoma has revealed the existence of a methylator phenotype, which seems to be associated with more aggressive forms of neuroblastoma (18, 19) . Although neuroblastoma development is associated with aberration of neural differentiation and DNA methylation, there were no reports showing a relationship between neuroblastoma and aberrant methylation at T-/DS-DMR, which play an important role in differentiation and development.
Zfp206 (human: ZNF206) encodes a zinc finger-and SCAN domain-containing protein, that functioned as a transcription factor and relate with differentiation in mouse embryonic stem cells, as a consequence of regulation on Oct4, Naolong and Sox2 expression, which are master regulators of embryonic stem cells (20) (21) (22) (23) . Our present study showed that CpG sites at Zfp206-exon 5 CpGi were differentially methylated during brain development and the methylation level was associated with Zfp206 expression. These results indicate that methylation level of CpG site at Zfp206-exon 5 CpGi is one of neural development and differentiation markers in mouse brain, confirming it was a DS-DMR in mouse neuronal development, and may regulate Zfp206 expression. Our previous reports indicated that the region was also a testis-specific DMR. This supports the previously reported results that Zfp206 maintained undifferentiated state of ES cells. Therefore ZFP206 may be differentially expressed in testis/germ cells and may be in a category of cancer/testis antigen, some of which are regulated by epigenetic factors, such as DNA methylation (24) .
Neuroblastoma is related with neural development factors, such as NGF-dependent tyrosine kinase receptor TrkA activation, which relates to differentiation in normal and neoplastic neuronal cells. High expression of TrkA is associated with favorable outcome in neuroblastoma (10, 25, 26) . Although there were several prognostic factors of favorable outcomes in neuroblastomas, hypermehtylation level of the 5'-end of ZNF206-exon 5 CpGi was significantly correlated with ZFP206 expression and favorable outcome suggesting that ZFP206 and the DNA methylation could be prognostic biomarkers in neuroblastoma.
Mehylation of CpG sites at exonic region, which is not a promoter region, may be linked to epigenetic remodeling of genomic DNA structure. One is the CCCTC binding factor (CTCF), which is highly conserved in higher eukaryotes. CTCF binds to CTCF-binding sites, which are often regulated by DNA methylation. CTCF-binding sites are located at 45% intergenic, 7% 5' untranslated region (UTR), 3% exonic, 29% intronic and 20% within 2.5 kb of promoters. H19 DMR is one of CTCF-binding sites and its methylation level is related to epigenetic remodeling, which is co-localized with cohesion. Aberrant regulation of CTCF expression is associated with occurrence of cancers, such as colorectal carcinoma (27) (28) (29) . Another alternative regulation of gene expression by methylation of CpG site at intragenic regions is related with 3'UTR binding proteins, such as AU-rich element binding factor 1 (AUF1) and Hu antigen R (HUR). AUF1 and HUR are mRNA stability proteins and bind to 3'UTR. Their binding affinity is regulated by DNA methylation. It is reported that AUF1 and HuR/methyl-HuR regulate MAT expression and play a role in liver proliferation, differentiation and carcinogenesis (30, 31) . The CpG sites at CpGi in ZNF206-exon 5 are located on the 5'-end of exon 5 to 3' UTR, however, its relationship with CTCF and 3'UTR binding proteins remains elusive. Although further analysis is needed, it is possible that these regions play a role in regulation of the ZNF206 expression. This is the first report indicating that DNA methylation level of Zfp206-exon 5 CpGi is associated with Zfp206 expression and aberrantly methylated in neuroblastomas. Hyper-methylation of the region might be one of the prognostic factors in this tumor. Although regulation mechanism of ZNF206 expression and its function remain elusive, our present data strongly suggested that this gene could be involved in neural differentiation and human neuroblastomagenesis.
